Idiopathic pulmonary fibrosis (IPF) is the most frequent idiopathic interstitial pneumonia with a prevalence ranging from 5 to 15 per 100,000 persons, and above 175 per 100,000 in the older population. IPF is a relentlessly progressive fibrotic lung disorder leading to death within a median duration of 3 years. It was hypothesized in the 1970s that pulmonary fibrosis initiates as an "alveolitis" progressing to interstitial fibrosis with connective tissue deposition, derangement of the lung architecture and functional impairment. However, in vitro studies indicated that alveolar/bronchiolar injured epithelial cells can drive the fibrotic process in the absence of macrophages and with minimal inflammation. This, together with the inability of classic immunosuppressive therapy to cure IPF, generated new pathogenesis paradigms and intense research into the role of the lack or the excessive production of anti-fibrotic or profibrotic mediators, oxidant injury, exaggerated coagulation, thus leading to investigate new treatment strategies. Preliminary results of some of such trials have shown significant reductions in lung function decline, disease exacerbation and mortality.
Idiopathic Pulmonary fibrosis: definition
Idiopathic interstitial pneumonias (IIPs) are a group of interstitial lung diseases (ILD) of unknown cause defined by the 2001 American Thoracic Society (ATS)/European Respiratory Society (ERS) international multidisciplinary consensus classification as idiopathic interstitial pneumonias (IIP) [ATS/ERS 2002] . They include idiopathic pulmonary fibrosis (IPF), non specific interstitial pneumonia (NSIP), cryptogenic organizing pneumonia (COP), acute interstitial pneumonia (AIP), respiratory bronchiolitis with interstitial lung disease (RB-ILD), desquamative interstitial pneumonia (DIP), and lymphocyte interstitial pneumonia (LIP). IPF, the most frequent among IIPs with a prevalence ranging from 5 to 15 per 100,000 persons, and above 175 per 100,000 in the older population, is a relentlessly progressive fibrotic lung disorder leading to death within a median duration of 3 years. IPF has been defined recently by ATS and ATS/ERS consensus statements as a distinctive type of chronic fibrosing idiopathic interstitial pneumonia of unknown cause, limited to the lungs and characterized by a histological pattern of usual interstitial pneumonia (UIP) Correspondence to:
[ATS/ ERS, 2002; ATS, 2000] . This histological pattern is represented by alternating areas of normal lung, interstitial inflammation, fibrosis, and honeycomb change, affecting the peripheral subpleural parenchyma most severely. Interstitial inflammation is usually patchy and consists of an alveolar septal infiltrate of lymphocytes and plasma cells, associated with hyperplasia of type 2 pneumocytes. The fibrotic zones are composed mainly of dense collagen, and are characterized by the presence of scattered foci of proliferating fibroblasts ("fibroblastic foci"), which represent a hallmark of IPF. Areas of honeycomb change are composed of cystic fibrotic air spaces, frequently lined by bronchiolar epithelium and filled with mucin. Smooth muscle hyperplasia is a frequent finding in areas of fibrosis and honeycomb change. Subjects who are biopsied during an accelerated phase of IPF may show a combination of UIP and diffuse alveolar damage [ATS, 2000] . In addition, a number of observations have indicated that vascular abnormalities may be important in IPF, including arterial pulmonary hypertension (APH) and veno-occlusive pulmonary disease [Colombat et al. 2007 ].
Pathogenesis of IPF: older and new paradigms

Exaggerated Immunity and Inflammation
The work of Crystal et al. [1976] characterized the lower respiratory tract cellular abnormalities of IPF as dominated by the accumulation of exaggerated numbers of inflammatory cells, chiefly alveolar macrophages and polymorphonulear leukocytes, in the alveolar spaces and the pulmonary interstitium. This led to hypothesize in 1976 that IPF initiates as an "alveolitis" that progresses from inflammation to interstitial fibrosis with connective tissue deposition, derangement of the lung architecture and functional impairment. In support to this hypothesis, a number of studies have demonstrated that alveolar macrophages in IPF are activated and produce pro-inflammatory/pro-fibrotic factors that could be measured, either ex vivo or in vitro, in surgical or bronchoalveolar lavage (BAL) samples. Among them, fibronectin [Rennard et al. 1981] , alveolar macrophage-derived growth factor [Bitterman et al. 1983] , platelet-derived growth factor (PDGF) [Martinet et al. 1987] and oxidants [Cantin et al. 1987] .
Consistent with the notion that exaggerated inflammation plays a role in the pathogenesis of IPF, immune complexes were found in the lungs of diseased individuals [Hunninghakeet al. 1981] and auto-antibodies directed against a variety of nucleic acid, nuclear proteins, connective tissue and epithelial cell and cytokines targets in IPF were identified, strongly indicating an immune component in the chronic inflammatory reaction of pulmonary fibrosis Yang et al. 2002; Ogushi et al. 2001; Dobashi et al. 2000; Oshikawa et al. 2000; Grigolo et al. 1998 ]. Recently, it has been shown that patients with IPF/UIP have circulating antibodies against autologus tissue antigens, activated and oligoclonally expanded circulating CD4 T-cells which express a pro-fibrotic, TH2 phenotype as they display the CD145 ligand for the CD40 fibroblast stimulatory molecule and produce IL-10, TGF-β1 and TNF-α. Intriguingly, lymph node cells from these patients responded to autologous lung antigens [Feghali-Bostwick et al. 2007 ]. Together, these observations strongly suggest that antigenspecific lymphocyte reactions may play a key role in driving chronic inflammation and fibrosis of the lung.
On the same lines, several observations suggested that the lung immune reactions of IPF are driven by TH2 type immune effectors, i.e., cells characterized by low of interferon (IFN)-γ and interleukin (IL)-12 expression, in the presence of higher IL-4, IL-5 and IL-10 production. In a "cryptogenetic fibrosing alveolitis" (CFA) (a synonym of IPF) study, Prior and Haslam [1992] found that most diseased subjects had low levels of circulating IFN-γ . Wallace and Co-workers showed that most lymphocytes infiltrating the interstitium in CFA expressed IL-4 and IL-5 but almost none IFN-γ [Wallace et al. 1995] ; type II alveolar epithelial cells expressed IL-4, but no IFN-γ at sites of disease, while they expressed both IL-4 and IFN-γ in allergic alveolitis [Wallace and Howie 1999] , suggesting that the TH2 type response may be important in the pathogenesis of lung fibrosis. Similarly, in Feghali-Bostwick et al.. [2007] study, IPF lymphocytes showed higher than normal production of IL-4 but not of IFN-γ . Although this data need to be considered with caution since the diagnosis of CFA might include subjects with NSIP in addition to IPF/UIP patients, it is worth noticing that in Prior and Haslam's [1992] study, higher IFN-γ levels were associated with better response to corticosteroid treatment and better prognosis in CFA-affected individuals.
In addition, there is experimental evidence that IFN-γ is capable of inhibiting the proliferation and reducing protein synthesis of lung fibroblasts and also that IFN-γ is capable of downregulating fibroblast activation [Elias et al. 1990] and to dampen the transcription of the gene for transforming growth factor (TGF)-β in the bleomycin fibrosis model [Gurujeyalakshmi et al. 1995] . These observations, together with the finding that IFN-γ contrary to TGF-β1, is transcribed at very low levels in the IPF lung [Ziesche et al. 1999] , has supported the notion that a polarized type 2 immune reaction could be important in the pathogenesis of idiopathic pulmonary fibrosis and provided a rationale for the attempt at using anti-fibrotic immune modulators such as IFN-γ .
The finding that exaggerated accumulation of macrophages and neutrophils in the lower respiratory tract characterized lung inflammation in pulmonary fibrosis [Crystal et al. 1984] , led to investigating the oxidant/anti-oxidant balance in the lower respiratory tract of patients with IPF. Oxidant-mediated cytotoxicity was demonstrated in the lower respiratory tract of patients with IPF and it was shown to be dependent upon Review the higher levels of macrophage-released oxidants and upon the higher level of peroxidase in the epithelial fluid lining the alveoli (ELF) [Cantin et al. 1987 , Strausz et al. 1990 ]. In addition, the levels of glutathione were markedly reduced, both locally [Cantin et al. 1987 [Cantin et al. , 1989 and systemically [Beeh et al. 2002] , and the anti-oxidant enzyme extracellular superoxide dismutase (ECSOD), albeit not primarily deficient, was significantly depleted in areas of progressive fibrosis of the IPF lung [Kinnula et al. 2006 ]. As a result, epithelial cell damage occurs in the IPF lung [Kuwano et al. 2003 ]. Based upon the hypothesis that exaggerated release of oxygen radicals by the inflammatory cells in the lower respiratory tract and the ensuing depletion of the anti-oxidant defence played a central role in the alveolar epithelial injury leading to inflammation and fibrosis, an attempt was made by Borok et al. [1991] at enhancing the antioxidant defences in the lower respiratory tract of IPF patients by the administration of aerosolized glutathione. This study showed that the transient augmentation of the glutathione level was associated with a decrease of superoxide anion release by alveolar macrophages, suggesting that anti-oxidant treatments could be biologically efficacious.
A link between fibroblast/myofibroblasts activation is provided by the notion that the source of oxygen radicals, which has been traditionally identified with the activated alveolar macrophage, may also lie with the activated myofibroblasts that is capable of generating significant levels of extracellular oxygen radicals, in concentrations sufficient to induce injury and apoptosis of the alveolar epithelial cells [Waghray et al. 2005] . In this regard, a recent study on scleroderma has shown that oxidative stress may play a key role in modulating fibroblast proliferation and collagen production [Svegliati Baroni et al. 2006 ]. In scleroderma oxidative stress is associated with the accumulation of large amounts of reactive oxygen species in fibroblasts. As reactive oxygen species are key cell transducers of fibroblast proliferation and collagen-gene expression through the signalling protein Ha-Ras and the growth-factor-activated extracellularsignal-regulated kinases 1 and 2 (ERK1/2), the exaggerated release of active growth factors like PDGF that are capable of inducing ROS and Ras-ERK1/2, might activate a vicious loop of cell activation, ROS production, growth and matrix deposition [Svegliati Baroni et al. 2006 ]. In this respect the knowledge that PDGF is released in exaggerated amounts in the lower respiratory tract of IPF patients [Martinet et al. 1987] , may suggest a link between oxidative stress and altered repair in the fibrotic lung.
Epithelial injury-triggered altered repair Based on pathological, clinical and pathobiological grounds, the evidence supporting the role of inflammation in the early stages of IPF has recently been subjected to scrutiny and revision. First, the review of larger numbers of well defined cases has led Katzenstein and Myers (1998) to demonstrate that the inflammatory component of IPF is usually mild, occurring mainly in areas of collagen deposition or honeycomb change, and rarely involving otherwise unaltered alveolar septa. Secondly, the level of interstitial inflammation is not predictive of IPF/UIP outcome, while the number of fibroblastic foci, i.e., a marker of fibroblast activation and proliferation, has been found to directly correlate with the decline in the lung function and with mortality [Nicholson et al. 2002; King et al. 2001] . Thirdly, therapy with the most potent anti-inflammatory drugs has never been definitively shown to alter the course of IPF, to the point that some clinicians commonly use response and/or non-response to corticosteroid treatment as a differential diagnosis from other lung inflammatory fibrotic diseases [Gauldie 2002; Gross and Hunninghake, 2001; Selman et al. 2001; Sheppard et al. 2001 ]. Finally, studies in animals have been able to dissociate the extent of pulmonary inflammation from fibrosis. In this respect, there are observations in genetically modified TGF-beta1 and TNF-a overexpressing animals developing fibrosis in the absence of inflammation [Lundblad et al. 2005 , Liu et al. 2001 ], although complex phenotypes may arise from cytokine over expression. In addition, a kinase-deficient type II TGF-β receptor transgenic mouse expressing heightened type I TGF-β receptor activity shows "auto-activated" fibroblasts, myofibroblast differentiation, altered production of matrix metalloproteinases which spontaneously develop skin and lung fibrosis has been described as the proof of the concept that fibrogenic responses may occur in the absence of inflammation [Denton et al. 2003 ].
Current concepts of IPF are the alveolitis i.e., inflammation, may appear only after the formation of the fibroblastic foci. The foci are thus thought to represent microscopic areas of acute lung injury where alveolar lining cells are destroyed, the epithelial basement membrane is denuded and fibroblast migration/proliferation and transformation into myofibroblasts occurs. At this level, extracellular matrix accumulation, destruction of the alveolar-capillary units and formation of cystic fibrotic spaces may take place in the presence of scattered mononuclear inflammatory cells and without prominent interstitial or intraluminal inflammation. In this process, a critical role has been attributed to type II alveolar epithelial cells, a non-inflammatory cell capable of actively synthesizing pro-fibrotic factors at the site of disease. Two pulmonary fibrosis pathways have been hitherto postulated: the 'inflammatory route', that is seen in almost all the non-IPF interstitial lung diseases where an early phase of alveolitis antecedes a later fibrotic phase and an 'epithelial/fibroblastic route', which appears to characterize IPF [Selman and Pardo, 2002] .
Understanding disease pathogenesis
In the context of the epithelial/fibroblastic paradigm of disease pathogenesis there is a number of important elements requiring further clarification: among them epithelial and fibroblast cell proliferation and cell death regulation, tissue protease/antiprotease balance, epithelial mesenchimal transition at the sites of fibroblastic foci and the activation and regulation of local pro-coagulant, anti-fibrinolytic activity.
First, the regulation of apoptotic cell death of epithelial cells and of fibroblasts may play a key role in tissue abnormalities of IPF. Alveolar epithelial injury and epithelial cell activation are thought to occur at the site of fibroblastic foci where the myofibroblasts may be involved in basement membrane disruption and alveolar epithelial cell death. In fact, alveolar epithelial cell injury and death have been demonstrated in early IPF/UIP studies [Myers and Katzenstein, 1988 ]. In particular, increased apoptosis of type II alveolar epithelial cells has been demonstrated both in histologically normal areas and at sites adjacent to myofibroblasts foci, suggesting dysfunctional reparative responses of the alveolar and bronchiolar epithelium [Uhal et al. 1998 ]. On the other hand, parallel to the susceptibility of the alveolar epithelial cell to apoptosis, IPF/UIP myofibroblasts appear to be apoptosis-resistant. Interestingly, while alveolar epithelial cells adjacent to underlying foci of myofibroblasts display exaggerated expression of apoptosis markers, myofibroblasts appear to be protected and possess higher survival capabilities [Zhang and Phan, 1999] . Type II pneumocytes might be playing an important role in this respect by expressing the potent fibroblast-activating cytokines TGF-β1 and TNF-α, [Nash et al. 1993; Khalil et al. 1991] .
Secondly, the tissue balance of protease and anti-protease activity has been proposed as a cornerstone of IPF pathogenesis. Collagenase-1 (matrix metalloproteinase (MMP)-1) and gelatinases A and B (MMP-2 and MMP-9) are up-regulated and respectively expressed by epithelial cells and fibroblasts which also express the tissue inhibitors of metalloproteinases (TIMP)-1, 2, 3, 4 [Ramos et al. 2001; Selman et al. 2000 ]. This has suggested that protease/ anti-protease balance may be altered in IPF, thus generating a pro-fibrotic environment. In this regard, the expression of the TIMPs by the interstitial fibroblasts, the myofibroblasts within fibroblast foci, the vascular endothelial cells and the interstitial macrophages [Hayashi et al. 1996; Selman et al. 2000 ] could suggest that they exert a pro-growth function, as TIMPs have been found to be capable of promoting cell growth and survival [Nagase and Woessner, 1999] , thus altering the balance between matrix degradation and tissue remodelling.
Thirdly, the observation of fibroblastic foci histology and pathobiology has suggested that epithelial mesenchimal transition (EMT) may play an important role in the generation of the fibroblastic foci. Chilosi et al. [2002] have focussed their investigation upon the bronchiolar epithelial cells at the bronchioloalveolar junctions as the target of cell injury in IPF/UIP and the site of abnormal bronchiolar hyperplasia, metaplasia, bronchiolization and honeycombing. It is known that myofibroblasts could be generated through multiple mechanisms. On one hand, alveolar epithelial cells could promote fibroblast migration and proliferation and induce fibrosis at sites of epithelial cell activation and proliferation through the production of cytokines and growth factors such as PDGF, TGF-β1 and TNF-α, capable of attracting and activating fibroblasts [Antoniades et al. 1993; Khalil et al. 1991] . Thus, myofibroblasts could derive from the activation and differentiation of resident interstitial fibroblasts migrated into the site of epithelial damage where they might produce extracellular matrix (ECM), leading to intra-alveolar and Review interstitial fibrosis [Fukuda et al. 1987] , or from the migration and extravasation of bone marrowderived fibrocytes into the sites of tissue injury and their ensuing differentiation [Phillips et al. 2004; Abe et al. 2001; Bucala et al. 1994 ]. On the other hand, injured epithelial could undergo transition to a mesenchymal phenotype characterized by fibroblast/myofibroblast features: a transformation allowing cells to dissociate from the epithelial tissue from which they originate and to migrate freely. The expression of the wnt/β-catenin pathway in hyperplastic type II pneumocytes and fibroblasts in IPF/UIP, and in particular the aberrant nuclearization of β-catenin observed in bronchiolar lesions of IPF/UIP, may be the smoking gun of EMT. Peculiar lesions, the "sandwich-foci" could thus be generated where abnormal bronchiolar segments and fibroblastic foci are strictly associated by the juxtaposition of an epithelial luminal cell layer of activated bronchiolar cells expressing laminin-5-γ 2-chain and heat-shock-protein-27 at very high levels i.e., expressing a "migratory pattern", onto a myofibroblasts focus. These foci might represent the site of EMT and would be typical of IPF [Chilosi et al. 2003 [Chilosi et al. , 2006 Iwano et al. 2002] . In this context, the epithelial basal cells overlying myofibroblasts at fibroblastic foci might be the key player of the altered tissue remodeling characterizing IPF/UIP. Fourthly, activation of the coagulation cascade, which plays an important role in ensuring minimal blood losses, when either external or internal insults lead to damage of the extensive vascular network of the lung, may promote lung inflammation and subsequent fibrosis of the lung in IPF/UIP [Howell et al. 2002] . In fact, intra-alveolar accumulation of fibrin has been described in acute lung injury, acute respiratory distress syndrome (ARDS) and pulmonary fibrosis [Idell et al. 1989 ]. Involved factors include tissue factor, factor VII, factor X, fibrinogen, thrombin, plasminogen activator and plasminogen activator inhibitor (PAI)-1 and 2 [Eitzman et al. 1996 ]. Thus, the activation of the coagulation cascade may contribute to promoting inflammation and fibroblast cell migration to the site of epithelial damage [Chambers, 2003] . Interestingly, it has been shown that PAI-1 and PAI-2 are expressed by cuboidal alveolar epithelial cells in IPF, a noteworthy observation suggesting further roles for the epithelial cell in IPF/UIP [Imokawa et al. 1997; Kotani et al. 1995] .
From the treatment of inflammation to new treatments
The generation of new IPF pathogenesis concepts has brought a number of new strategies under scrutiny and a number of new targets as drug candidates: glutathione or its precursor N -acetyl cysteine to dampen oxidative stress, counterbalancing the lack of the anti-fibrotic cytokine interferon-γ with its administration, specific blockers and inhibitors to counteract exaggerated production of the proinflammatory and profibrotic cytokines TNF-α, TGF-β, PDGF or anticoagulants to prevent exaggerated coagulation effects. All these studies have generated exciting data and opened new avenues for IPF treatment. One event, the report of a pioneering trial demonstrating that the clinical course of IPF could be ameliorated shook the field in 1999 [Ziesche et al. 1999 ] and generated enormous interest and investments. Riding that wave, the first large multi-centre trial was carried out and over 300 IPF patients were evaluated and followed up for two years, a sizeable period of time, using the ATS/ERS 2002 diagnostic criteria [Raghu et al. 2003 ]. The data from this trial greatly contributed to our knowledge and to the clinical characterization of the disease and have helped validate clinical outcome measures and criteria for disease progression and exacerbation, which, for now is the base for the numerous treatment trials that are being carried out.
Treatment
"Classics" treatment of pulmonary fibrosis
Corticosteroids Corticosteroids have been the first line of therapy since the 1950s [Pinney and Harris, 1956; Mackenzie, 1951] . Initially considered a measure of last resort, corticosteroid use evolved into wide acceptance, notwithstanding their substantial toxicity [Lynch and McCune, 1997 ]. However, no prospective placebo controlled randomized trial has been performed [Walter et al. 2006 ], their efficacy is unproven [Lynch and McCune, 1997] . With these caveats, the 1999 ATS consensus, recommended treatment daily with 40 to 100 mg of prednisone or prednisolone for 2 to 4 months, with a subsequent gradual taper over the highdose intravenous "pulse" methylprednisolone (1 to 2 g once weekly or biweekly), which has no proven advantage over oral corticosteroids [Gulsvik et al. 1986 ].
Many of the corticosteroid studies have been retrospective and have been limited by the use of older diagnostic criteria not discriminating the IPF/UIP from other IIPs, as recommended by the recent clinical and histopathological IPF classification ATS/ERS guidelines (ATS/ERS, 2002), so that patients carrying an IPF clinical diagnosis with an NSIP histopathology might have had a better response to corticosteroids and a markedly more favourable prognosis [Danill et al. 1999] . With this as a caveat, the 10 to 30% improvement reported by a previous non-randomized study [Turner-Warwick et al. 1980] for IPF patients treated with "standard" corticosteroids should be reconsidered.
Recently, Richeldi et al. [2003] carried out a systematic review of the efficacy of corticosteroids in the treatment of adults with IPF: no randomized controlled trial or clinical control trials were available where corticosteroid treatment was compared to placebo. The analysis did not support the efficacy of corticosteroid in the treatment of IPF.
Immunosuppressive agents A number of immunosoppressive agents have been tried for the treatment of IPF, including cyclophosphamide, azathioprine, cyclosporin and colchicine.
Cyclophosphamide. Cyclophosphamide is a nitrogen mustard alkylating agent, used to treat various types of cancer and some autoimmune disorders. Cyclophosphamide is converted by mixed function oxidase enzymes in the liver to active metabolites. The main active metabolite is 4-hydroxycyclophosphamide, which exists in equilibrium with its tautomer, aldophosphamide. Most of the aldophosphamide is oxidized by the enzyme aldehyde dehydrogenase (ALDH) to make carboxyphosphamide. Cyclophosphamide is a potent immunomodulator through the elimination of regulatory T-cells. With regard to IPF treatment, there is only one controlled trial (CCT) and several uncontrolled studies; the CCT [ Johnson et al. 1989 ] however, contained patients with a number of different forms of pulmonary fibrosis. Most studies were non-randomized, retrospective or case series [Kondoh et al. 2005; Collard et al. 2004; Zisman et al. 2000; Kolb et al. 1998 ]. Some of these studies used oral cyclophosphamide while others used the intravenous route without additional benefit [Kolb et al. 1998 ]. Overall, there is no good evidence that cyclophosphamide is of any real benefit in IPF and there appear to be potentially important safety concerns associated with its use. A study [ Johnson et al. 1989 ] compared prednisolone alone with a combination of cyclophosphamide and low dose prednisolone in a randomized controlled study of 43 participants with previously untreated "fibrosing alveolitis". The authors concluded that cyclophosphamide in combination with low dose prednisolone was at least as effective as high dose prednisolone alone. At the present time there are no ongoing cyclophosphamide IPF studies [http://clinacaltrial.gov].
Azathioprine. Azathioprine is an immunosupressant agent widely used in organ transplantation, autoimmune disease as rheumatoid arthirtis or inflammatory bowel disease such as Chron's disease and ulcerative colitis. Azathioprine is a pro-drug, converted in the body to the active metabolites 6-mercaptopurine and 6-thioinosinic acid. Only one randomized clinical trial (RCT) on the use of azathioprine in IPF has been published in the literature [Raghu et al. 1991 ]. This study investigated the effects of azathioprine on IPF in combination with prednisone in a prospective double-blind randomized placebocontrolled clinical trial in 27 patients followed up for as long as nine years, showing that combined therapy was marginally superior in survival. In addition, the study showed that azathioprine was well tolerated and that the adverse effects observed in the study were most frequently related to prednisone use. In a recent systematic review of the use of immunosuppressive treatment in IPF [Davies et al. 2003 ], little benefit was shown from the addition of azathioprine to oral corticosteroid therapy in the treatment of IPF. Although azathioprine does appear to be well tolerated, it appears to give minor long term survival advantage. An ongoing trial has been sponsored by the Thorax National Institute of Chile: it is a randomized, doubleblind, controlled study of low dose corticosteroid and azathioprine versus placebo in management of IPF, evaluating progression-free survival [ClinicalTrials.gov Identifier: NCT00518310; http://clinicaltrials.gov].
Cyclosporin. Cyclosporin is an immunosuppressant drug widely used in skin, heart, kidney, lung, pancreas, bone marrow and small intestine transplantation that binds to the cytosolic protein cyclophilin of immunocompetent lymphocytes, especially T-lymphocytes forming Review a ciclosporin/cyclophylin which in turn inhibits calcineurin, hence the transcription of interleukin-2, thereby reducing effector T-cell function. Cyclosporin has been used as an adjunct in the management of IPF. No CCTs or RCTs have been carried out, but some uncontrolled studies have appeared in the literature An ucontrolled study suggested a potential effect of cyclosporine in the prevention of re-exacerbations after the onset of an acute exacerbation [Inase et al. 2003 ]. It has also been used to reduce the oral corticosteroid dose prior to lung transplantation [Venuta et al. 1993 ]. Some improved survival effects have been reported in late stage pulmonary fibrosis [Moolman et al. 1991 ], but the above mentioned studies often contained participants with heterogeneous diseases. Altogether, there is no good evidence for cyclosporin therapy in IPF, although it may help with reduction of oral corticosteroids in patients awaiting lung transplantation.
Colchicine. Colchicine, a water-soluble alkaloid found in the autumn crocus, blocks cell division by inhibiting mitosis. Colchicine belongs to the same drug family as paclitaxel and the Vinca alkaloids; it has a fairly narrow therapeutic range and causes gastrointestinal symptoms, leukopenia, kidney failure and is teratogenic. With regard to IPF treatment, one CCT and a number of other uncontrolled studies have been conducted. In a CCT of colchicine versus prednisone which included 13 patients in each arm, Douglas et al. [1998] showed that colchicine was no more effective as a treatment than prednisone, with no significant difference in outcomes (survival, pulmonary function), although colchicine appeared to be safer and better tolerated. Another non-randomized prospective study in patients with IPF confirmed by biopsy specimen treated either with prednisone/colchicine (19 subjects) or prednisone alone (15 subjects) confirmed that colchicine did not change the progressive course of prednisone-treated IPF ]. In summary, there is no real clinical evidence to suggest that colchicine is either any more effective in the treatment of IPF than prednisone alone or that it alters the natural history of IPF. It does, however, appear to be better tolerated than oral corticosteroids in the trials. Thus, oral colchicine, 0.6 mg once or twice daily, has been considered as a first line therapy for patients refractory to corticosteroids, either alone or in combination with immunosuppressive/cytotoxic agents. Additional controlled trials are needed to determine the appropriate role for colchicine in the treatment of IPF.
The sporadic use, or small studies with the other cytotoxic chemotherapeutic agents methotrexate [Lynch and McCune, 1997; Douglas et al. 2000 ], chlorambucil [Brown and Turner-Warwick, 1971] and vincristine [Meuret et al. 1978] have been reported with no evidence to support the use of any of these agents [Davies et al. 2003 ].
Antifibrotic agents Interferon-γ Based upon the observation of a general impairment of the production of interferon-γ patients with fibrosing alveolitis [Prior and Haslam, 1992] , Ziesche et al. [1996] carried out a non-randomized open-label trial using interferon-γ in IPF. The same group did subsequently carry out a second open label clinically controlled trial on 18 IPF patients: this trial demonstrated a significant improvement in lung function and arterial oxygenation following therapy with interferon-γ 1b 200 mcg three times per week s.c., and low dose prednisolone, when compared to prednisolone alone [Ziesche et al. 1999] . All participants in this study had histological evidence of IPF and had deteriorating disease, as determined by a 10% or greater fall in lung function in the preceding 12 months, despite continuous or repeated treatment with corticosteroids, other immunosuppressive agents or both for at least 6 of the 12 months and had a total lung capacity (TLC) greater than 45% predicted.
Strikingly, in this study TLC fell non-significantly over 12 months in the prednisolone group while in the interferon-treated group it showed a significant rise 70±6% to 79±12% over the same time. Similarly, the values of forced vital capacity (FVC), PaO 2 , diffusing lung capacity (DLCO) rose from baseline in the treated group. Interestingly, transcription levels for TGF-β1 and connective tissue growth factor (CTGF) genes were significantly reduced at six months for the combined treatment arm.
In consideration of the remarkable results achieved by this trial, these findings were subsequently reviewed by an independent panel of experts [Raghu et al. 2000 ] who determined that 15 participants in this study met currently accepted histological criteria for the diagnosis of IPF. However, the very modest deterioration seen in patients in both groups study arms was deemed unusual and the possibility that these patients were not representative of the average IPF patient was raised [Du Bois, 1999] .
A large randomized trial has been carried out by Raghu and colleagues, who enrolled 330 IPF patients unresponsive to corticosteroid therapy in a double-blind, multinational trial to receive subcutaneous interferon gamma-1b 200 mcg trice a week or placebo for a year period. There was no significant difference in the duration of progression-free survival between the IFN-γ and placebo groups (median time to death or disease progression being 439 and 344 days, respectively [p = 0.5]), nor in disease progression or death (46% and 52%, respectively). No treatment effect was discernible with respect to the mean change from baseline of pulmonary function, including FVC, alveolar-arterial oxygen gradient and DLCO or of mean change in lung fibrosis on high-resolution CT. With regard to mortality, 10% of patients in the IFN-γ group died, compared with 17% in the placebo group (p =0.08). Furthermore, analysis of patients with a base-line FVC above the median (at least 62% of the predicted value), 4% of the 86 patients in the IFN-γ group and 12% of the 88 in the placebo group died (p = 0.04). The Authors of this large placebo-controlled trial results felt that their results were at difference with those of the IFN-γ study carried out by Ziesche et al. [1999] , however, the trial was deemed to show that there was a benefit in survival and disease progression among patients with less advanced fibrosis, suggesting that a clinically significant longer term survival benefit could not be ruled out [Raghu et al. 2004] .
A second trial was published in 2006 comparing IFN γ -1b and colchicine in IPF [Antoniou et al. 2006 ]. This study enrolled 50 consecutive patients with mild-to-moderate IPF, either with histologically-proven UIP or, in the absence of surgical biopsy, with a a clinical diagnosis of IPF according to the ATS/ERS criteria [ATS/ERS Consensus 2002] . In this study, mortality was lower in the IFN-γ arm and, in addition, IFN-γ treated patients showed fewer symptoms and had better pulmonary function after 24 months of treatment, again suggesting that treatment with IFN-γ might improve survival in patients with mild-to-moderate idiopathic pulmonary fibrosis [Antoniou et al. 2006 ]. This latter concept was somewhat reinforced by the reports of cases of acute respiratory failure, leading to death or lung transplantation, in patients with advanced IPF treated with IFN-γ [Honoré et al. 2003 ], which raised concerns that patients in more advanced IPF stages might be at increased risk of severe adverse reactions [Selman, 2003] .
In the context of the weakness of survival data in previous trials and of the discrepancy between the original Ziesche study and all confirmatory trials, a large phase 3, randomized, doubleblind, placebo-controlled trial was initiated in 2005 to enrol approximately 800 patients from 80 centres in North America and Europe with the aim to definitively determine the efficacy and safety of interferon-γ treatment in IPF/UIP. This trial enrolled patients with moderately advanced IPF/UIP, with an FVC greater than 55% predicted and <90% and a DLCO greater than 35% and <90% predicted. The treatment consisted of 200 µg of recombinant Interferon γ -1b, administered subcoutanely, and was compared with placebo in patients with IPF/UIP, with the allowance of low dose prednisone. This study was terminated in mid 2007 after the study's independent data monitoring committee found the overall survival result crossed a predefined stopping boundary for lack of benefit of actimmune relative to placebo. Among the 826 randomized patients, there was no statistically significant difference between treatment groups in overall mortality (14.5% in the treated group compared to 12.7% in the placebo group)[personal communication].
Antioxidants A number of studies have been carried out to investigate the potential effect of systemically administered anti-oxidants using N-acetyl cysteine (NAC). NAC exerts both in vitro and in vivo antioxidant effects: in vitro NAC activity is related to the inactivation of electrophilic groups of free radicals; in vivo, NAC is active through its main metabolite, cysteine, and the major precursor in the biosynthesis of glutathione, thus replenishing glutathione stores. In vivo, NAC has been shown to restore glutathione levels in the lower respiratory tract of patients with IPF [Meyer et al. 1994 ]. Borok et al. [1991] showed that aerosolized glutathione was effectively increasing glutathione concentration in the lower respiratory tract of patients with IPF, while reducing superoxide anion release at the same time.
Review
With regard to the use of NAC as antioxidant treatment in IPF/UIP, Behr et al. [1997] first investigated the biological and clinical effects of NAC, i.e., on the redox balance and on lung function, in IPF. They treated 18 patients with an established diagnosis of IPF with 600 mg NAC three times daily for 12 wk in addition to their current immunosuppressive medication. Biological endpoints were BAL cell differential counts, glutathione status and methionine sulfoxide content of BAL proteins, as an indicator of oxidative stress at the alveolar surface. The clinical endpoint was the pulmonary function measurement. Interestingly, there was an increase of total glutathione and of reduced glutathione in the epithelial lining fluid showing that NAC significantly improved the antioxidant screen of the lungs of pulmonary fibrosis patients. Strikingly, biochemical changes were accompanied by an improvement of pulmonary function tests (PFTs) in patients under maintenance immunosuppression, whereas those patients who were off anti-inflammatory therapy experienced functional deterioration, thereby suggesting a role for anti-oxidant therapy as an adjunct to standard treatment [Behr et al. 1997 ].
An aerosolized NAC study was conducted on 30 patients with IPF using aerosolized N-acetylcysteine at the dosage of 352 mg NAC per day versus aerosolized bromhexine hydrochloride (4 mg per day) as the control. Efficacy measures at 12 months were pulmonary function, 6-minute walking test (6MWT), high resolution CT, health-related quality of life (HRQoL), and serum KL-6-values. No pulmonary function effects were seen. However, the treatment delayed disease progression as indicated by exercise desaturation, high-resolution CT, and serum KL-6 analysis [Tomioka et al. 2005] .
A large randomized, double-blind, placebo controlled trial was carried out by Demedts and co-workers, who assessed the effectiveness of a high oral dose of acetylcysteine (600 mg three times daily) as an adjunct to standard immunosuppressant therapy with prednisone and azathioprine on 182 IPF/UIP patients. Primary end points were pulmonary function tests (vital capacity and DLCO) at 12 months. In addition to lowering the rate of myelotoxic effects in patients taking NAC, NAC treatment slowed significantly the deterioration of pulmonary function at the end of 12 months. This confirmed the previous Behr study showing that therapy with NAC at a dose of 600 mg three times daily is effective as an adjunct to standard prednisone and azathioprine treatment. NAC slowed the rate of decline of vital capacity by 9% (0.18 litres) in 12 months and the rate of decline of Dlco by 24% (0.75 mmol per minute per kilopascal) compared to placebo [Demedts et al. 2005] .
New drugs
Antifibtrotic agents
Pirfenidone Pirfenidone is an antifibrotic agent inhibiting TGF-β induced fibroblast growth and collagen synthesis [Nicod, 1999] , that was tested in the murine bleomycin pulmonary fibrosis model [Kakugawa et al. 2004; Nakazato et al. 2002; Iyer et al. 1999] .
Two uncontrolled, open-label studies of oral pirfenidone have been published. Raghu et al. [1999] evaluated the drug in 54 patients with advanced IPF, showing that pirfenidone may be effective reducing disease progression. Nagai et al. [2002] evaluated the drug in an openlabel one-year treatment with oral pirfenidone (40 mg/kg body weight) in eight patients with advanced IPF indicating that the drug was well tolerated; side effects appeared to be independent of drug plasma concentrations, and the drug retarded the deterioration in terms of chest radiographic scores and arterial oxygen pressure.
Recently, a double-blind, randomized, placebo controlled trial has prospectively evaluated the efficacy of pirfenidone in 107 patients, using pulse oximetry (SaO 2 ) during the 6MWT as a primary endpoint and the change in vital capacity (VC) at 9 months and the rate of acute exacerbation as the secondary endpoints. Significant adverse events were associated with pirfenidone; however, adherence to treatment regimen was similar in the pirfenidone and placebo groups. Strikingly, treatment with pirfenidone improved VC and prevented acute exacerbation of IPF during the 9 months of follow-up: acute exacerbations of IPF were observed in five out of 35 placebo controls (14%) and in none of subjects in the pirfenidone group (p = 0.0031). For this reason however, the study was prematurely discontinued by the data monitoring committee [Azuma et al. 2005 ].
To clarify the overall efficacy of pirfenidone in IPF and identify the most effective dosage, a controlled, double-blind, randomized, threearm, safety and efficacy placebo-controlled trial was initiated in 2006. Approximately 400 patients have been enrolled by 70 centres to be randomly assigned (2: 2: 1) to receive either 2403 mg, or 1197 mg of pirfenidone or placebo equivalent for 72 weeks. The primary end point will be disease progression measured by the absolute change in percent predicted FVC. Secondary end points will be: time of worsening of IPF, defined as time to acute IPF exacerbation, IPFrelated death, lung transplant or respiratory hospitalization, whichever comes first (PIPF-004, Intermune, Brisbane Australia).
New drugs and clinical trials
Anticoagulants
Warfarin Exaggerated activation of the coagulation cascade is thought to play a role in initiating or maintaining pulmonary fibrosis [Imokawa et al. 1997] . With this as a background, Kubo and co-workers conducted a study on 56 Japanese patients with IPF using standard prednisolone therapy or prednisolone plus oral anticoagulant therapy. Anticoagulation included the use of oral warfarin, as a maintenance treatment, and lowmolecular-weight heparin for acute treatment of patients hospitalized with severely progressive respiratory failure, or IPF exacerbation. With regard to the role of exaggerated coagulation, the study indicated that plasma D-dimer levels were associated with mortality in patients with an acute exacerbation of IPF. Consistent with the biomarker data, anticoagulant therapy was shown to have a beneficial effect on survival in patients with IPF. The risk of mortality was significantly reduced as mortality associated with acute exacerbations of IPF in the anticoagulant group was reduced from 71% to 18%, compared to that in the non-anticoagulant group (p = 0.008) [Kubo et al. 2005 ]. This study has been criticized for the weakness of the study design, as patients were felt not to be representative of the "typical IPF" patient, for only nine patients had surgical lung biopsy-confirmed IPF and an exaggerated fraction of participants in the placebo arm withdrew from the study [Kinder et al. 2006] . No confirmatory study has been carried out so far.
Inhibitors of growth factors and their receptors
Etanercept Etanercept is a soluble TNF-receptor and therefore is used as a TNF-α antagonist, a key cytokine with pro-inflammatory activity and varied but primarily mitogenic effects on fibroblast differentiation and collagen synthesis [Walter et al. 2006 ]. Etanercept has been tested for the treatment of moderate to severe rheumatoid and psoriatic arthritis, ankylosing spondylitis, psoriasis, and polyarticular-course juvenile rheumatoid arthritis [Dhillon et al. 2007; Fleischmann and Iqbal, 2007] .
A double-blind, parallel, placebo-controlled, randomized study of the efficacy and safety of Etanercept in patients with IPF is currently ongoing. The primary objective of this Phase II study is the evaluation of safety and efficacy, and the secondary objective is to evaluate quality of life and pharmacokinetics. Patients who had failed previous treatments will be recruited. Treatment duration will be of one year [ClinicalTrials.gov Identifier: NCT00063869; http://clinicaltrials.gov]. Preliminary data on 87 patients show a trend toward reduced disease progression, walk distance, and HRQOL in patients with progressive IPF, although not statistically significant [Raghu et al. 2006 ].
GC1008 TGF-β is one of the key growth factors implicated in the IPF pathogenesis. This study is a Phase I, open-label, multi-centre, single-dose, dose-escalating, safety, tolerability and pharmacokinetic study of GC1008 in patients with IPF, evaluating GC1008, a TGF-β neutralizing antibody. The primary outcome measures of the study are safety, tolerability, and pharmacokinetics of single intravenous infusions of GC1008. The secondary outcome measures are bioactivity of GC1008 and its potential clinical effects. The study started in July, 2005 and was completed in October, 2006. The results have not been published yet [ClinicalTrials.gov Identifier: NCT00125385; http://clinicaltrials.gov].
Imatinib Mesylate Imatinib Mesylate is a potent and specific tyrosine kinase inhibitor against c-ABL, BCR-ABL, and c-KIT, and has been demonstrated to be highly active in chronic myeloid leukaemia and gastrointestinal stromal tumors [Aono et al. 2005] . Imatinib also inhibits the tyrosine kinase of platelet-derived growth factor (PDGF), a cytokine that stimulates fibroblast transformation, proliferation, and accumulation leading to production and deposition of extracellular matrix and tissue destruction [Daniels et al. 2004] . With regard to pulmonary Review fibrosis, Imatinib has been shown to inhibit the profibrogenic activity of TGF-β and to prevent bleomycin-mediated [Aono et al. 2005; Daniels et al. 2004 ] and irradiation-induced lung fibrosis in animal experiments [Abdollahi et al. 2005] . Although these experimental models do not faithfully mimic IPF, given the potential of Imatinib to inhibit proliferation of mesenchymal cells, Imatinib was felt to have a potential role in IPF treatment. In this regard, a double-blind, placebo-controlled, randomized study on the safety and efficacy of Imatinib in IPF patients was started in 2003, to be completed in 2007. Imatinib 600 mg, or placebo, has been administered orally, once daily, for approximately 2 years. Enrollment has been set at 120 participants. The primary objectives are progression, as defined by a greater than 10% decline in FVC, or death [ClinicalTrials.gov Identifier: NCT00131274; http://clinicaltrials.gov].
BIBF-1120 BIBF-1120 is an inhibitor targeting the receptor kinases of PDGF, basic fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF). A variant of the study drug, BIBF-1000, has been shown to prevent bleomycin-induced pulmonary fibrosis in a rat model in which the drug was trans-nasally administered [Chaudhary et al. 2007 ]. BIBF-1120 is under current study for the treatment of ovarian, fallopian tube and primary peritoneal cavity cancer. A 12 month, double blind, randomized, placebo-controlled trial is to start in 2007 to evaluate the safety and efficacy of BIBF-1120 in IPF patients. The study will enrol 400 participants and the drug will be administered orally at doses ranging from 50 mg once a day, to 150 mg twice a day. In cancer patients, the drug has caused diarrhoea, nausea, anorexia and bleeding. The primary endpoint of this multicentre Phase II trial will be the rate of decline in pulmonary function (FVC, expressed in mL per year) from baseline up to 12 months of treatment, compared to placebo. The secondary end-points will be survival, PaO 2 and DLCO changes, 6-MWT changes, exacerbations of IPF, time to disease progression and time to oxygen supplementation [ClinicalTrials.gov Identifier: NCT00514683; http://clinicaltrials.gov].
QAX576 QAX576 is an interleukin 13 (IL-13) inhibitor and is being studied in IPF subjects. The trial is a diagnostic, non-randomized, open label, active control, single group assignment, pharmacokinetics/dynamics study. The primary outcome measure is to investigate the possibility that some IPF patients experience increased IL-13 production. Blood samples are collected pre-dose and weekly after dosing to investigate the hypothesis that QAX576 will neutralize IL-13 in patients with IPF. The secondary outcome measures are to evaluate the changes in biomarkers in blood over time. Serum samples will be obtained at pre-dose and 2 weeks postdose. Total enrollemnt will be 50 and the study started in October 2007 [ClinicalTrials.gov Identifier: NCT00532233; http://clinicaltrials.gov].
Octreotide Octreotide is a synthetic somatostatin analog with strong affinity for the somatostatin receptor subtypes 2, 3, and 5 that has been shown to modulate fibroblast activation in vitro and to exert antifibrotic properties in vivo in rat and mouse models by not yet clarified mechanisms, possibly by inhibiting the expression of transforming growth factor-β [Patel, 1999] . Interestingly, somatostatin receptors are up regulated in a variety of fibrotic lung diseases [Kwekkeboom et al. 1998 ]. A scintigraphic study in 11 IPF patients demonstrated a strong increase in 111-octreotide uptake in the lungs, compared with control patients, correlated with BAL cellularity, and lung function. In addition, cultured IPF lung fibroblasts showed in vitro octreotide-sensitive binding sites 10-fold higher than control fibroblasts suggesting that octreotide may modulate the disease process in patients with IPF [Lebtahi et al. 2006 ].
A proof of concept Phase 2 study of long acting octreotide in IPF study is ongoing whereby patients with IPF will receive a slow release octreotide (30 mg) per intramuscular injection every 4 weeks for 48 weeks. Outcome measures will be lung function (FVC and DLCO), HRCT scores for fibrosis and ground glass, 6MWT, HRQoL and survival [ClinicalTrials.gov Identifier: NCT00463983; http://clinicaltrials.gov].
Thalidomide Thalidomide, a derivative of glutamic acid, was synthesised originally as a sedative and an anti-emetic; it was subsequently withdrawn from the market for its teratogenic effects. Thalidomide is capable of blocking tumour necrosis factor (TNF)-α production by mononuclear phagocytes, including alveolar macrophages (AMs) and it possesses immunomodulatory activities, as it inhibits T helper cell type (Th)1 cytokine production [Tavares et al. 1997; Sampaio et al. 1991] , and has been effectively employed in leprosy, tuberculosis and sarcoidosis. Thalidomide has also been shown to reduce TGF-β, VEGF, angiopoietin 1 and 2 and to reduce collagen synthesis in the bleomycin mouse model [Tabata et al. 2007 ]. Recently, thalidomide has been shown to reduce the stimulated production of pro-inflammatory cytokines, including TNF-α, IL-12p40, IL-18 and IL-8 in IPF suggesting that the drug, which can reduce TNF-α production while leaving IFN-γ release unaffected, might be of help in treating pulmonary fibrosis [Ye et al. 2006 ]. A clinical trial on thalidomide has been launched to determine whether thalidomide can stop the progression of fibrosis in IPF. The primary objective of this study is to determine the safety, feasibility and efficacy of 400 mg of thalidomide administered daily for one year in patients with IPF who have failed or are not candidates for treatment with corticosteroids and/or cytotoxic drugs. The study population will consist of 19 patients with biopsy-proven moderate to severe IPF who have failed or are not candidates for standard therapy with corticosteroids and/or cytotoxic drugs [ClinicalTrials.gov Identifier: NCT00162760, http://clinicaltrials.gov].
Bosentan Endothelin-1 (ET-1) is a potent growth factor inducing proliferation of smooth muscle cells, increased collagen synthesis from fibroblasts and decreased interstitial collagenase production [Shi-Wen et al. 2001] . Consistent with the role that increased ET-1 production is thought to play in the development of IPF ], Bosentan, a dual endothelin receptor antagonist (ET A and ET B ), was shown to reduce lung collagen deposition in the rat bleomycin model of pulmonary fibrosis [Park et al. 1997 ]. In clinical trials, Bosentan has caused several side effects, including flushing, abnormal hepatic function, leg oedema, headache and anaemia; in contrast, preliminary tolerability studies with Bosentan in IPF showed that the drug was well tolerated. In addition, Bosentan did not cause lung blood flow abnormalities, as it would have been expected given the ventilation/perfusion mismatches and the blood flow abnormalities often seen in these patients [Gunther et al. 2007 ]. To evaluate the efficacy, safety and tolerability of Bosentan in patients with IPF, the Bosentan use in interstitial lung disease (BUILD 1) study was designed and carried out with the primary objective to evaluate the effect of Bosentan on exercise capacity 6-minute walking distance (6MWD). Secondary objectives included investigation of the effect of Bosentan on time to disease progression or death, PFTs, dyspnea, and HRQoL, as well as determining its safety and tolerability in IPF patients. Bosentan was well tolerated, though it did not show superiority over placebo on change in 6MWD from baseline up to month 12, the primary endpoint. However, a trend in delayed time to death or disease progression was observed, along with a positive effect upon HRQoL measures. In particular, the combined incidence of disease progression or death was 22.5% (n = 16) in the bosentan group and 36.1% (n = 30) in the placebo group, with a relative risk reduction of 38% (95% CI-5%-63%; P = 0.078). This observation suggested that further studies were needed to assess the effect of the drug on survival [King et al. 2007] .
A prospective, multicentre, randomized, double-blind, parallel group, placebo-controlled, event-driven, group sequential, phase III superiority study, BUILD 3, is ongoing. The primary objective is to demonstrate that bosentan delays disease worsening or death in patients with IPF. Primary outcome measures are time to occurrence of disease worsening or death up to the end of the study. Secondary outcome measures are proportion of patients who experienced either disease worsening or death at 1 year. Total enrolment will be of 390 participants. The study started in November 2006 [ClinicalTrials.gov Identifier: NCT00391443; http://clinicaltrials.gov].
Sildenafil Sildenafil is a potent inhibitor of the cyclic GMP-specific phosphodiesterases (PDE) 5, that is widely used for the treatment of both primitive and collagen vascular disease-associated pulmonary arterial hypertension [Galié et al. 2005] . Sildenafil has been shown to ameliorate pulmonary hypertension in the bleomycin mouse model where it reduced oxygen radical production and vascular fibrosis [Hemnes et al. 2007 ] and has been shown to be effective in improving exercise resistance in IPF patients with pulmonary hypertension in a preliminary open label study [Collard et al. 2007a, b] . These effects may be attributed to the vasodilator activity of the PDE5 inhibitor upon pulmonary circulation, as PDE5 inhibitors appear to possess anti-fibrotic properties only when used in combination with guanylyl cyclase (GC) activators [Dunkern et al. 2007] . Sildenafil is, however, a viable candidate for IPF treatment, as pulmonary hypertension
Review is one of the major pathologic components of the disease, and is associated with poorer clinical outcomes such as earlier respiratory incompetence, need of supplemental oxygen and mortality [Lettieri et al. 2006 ].
Two clinical trials are currently ongoing with sildenafil in IPF. The first study, vasodilator therapy and exercise tolerance in IPF patients will have the 6-MWD in meters as the primary outcome measure and the changes in dyspnea at 6 months measured by the Borg scale as the secondary outcome. This study enrolled 30 subjects starting in July 2006 with expected completion in June 2009 [National Heart, Lung, and Blood Institute (NHLBI); ClinicalTrials.gov Identifier: NCT00517933].
The second study will evaluate the effectiveness of sildenafil in advanced IPF: the primary outcome measure is the change in the 6MWD measured after 12 weeks of study. The secondary outcome measures are the changes in dyspnoea, oxygen desaturation during 6MWT, FVC and DLCO. The study will enrol 170 participants; started in August 2007 and the expected completion time will be August 2009 [Department of Veterans Affairs; ClinicalTrials.gov Identifier: NCT00359736; http://clinicaltrials.gov].
Conclusions
The development of new IPF pathogenetic paradigms has driven intense research into new therapeutic targets. The role of the alterations in the production of anti-fibrotic or profibrotic mediators such as interferon-γ , TNF-α, TGF-β, PDGF as well of pro-coagulant factors or of injuring reactive oxygen species has lead into investigating new treatment strategies and a number of trials have been or are being carried out with new drugs or newly applied old drugs which, as NAC, pirfenidone, anticoagulants and bosentan, appear to impact upon disease progression and survival measurements in strictly controlled clinical trials.
It is worth noticing in this regard that the ATS/ERS clinico-pathological classification has been criticized for its perceived inability to reconcile the variability of pathological presentation under strict morphological classification criteria. Flaherty et al. [2001] have recently described a prospective study on the histopathologic variability of surgical lung biopsies of patients with idiopathic interstitial pneumonia where, although 47% of patients exhibited the histopathology of UIP in all lobes, UIP coexisted in 26% of patients with nonspecific interstitial pneumonia (NSIP). Interestingly, in the, 10% of patients having two or more surgical lung biopsies obtained from one lobe 73% had coexistent NSIP with UIP, demonstrating interlobar and intralobar variability of idiopathic interstitial pneumonia and the coexistence of chronic inflammation with fibrosis.
As ponted out in a recent editorial, the differences in age in the patients in Flaherty's study suggested that the natural history of UIP might represent the pathogenesis of untreated NSIP to UIP over a decade [Strieter, 2005] .
It has been recently suggested that the development of IPF may actually be caused by abnormalities in multiple pathways involved in wound healing and inflammation. Thus by adopting a multiple-pathway model for understanding the pathogenesis of IPF the development of future research approaches better suited to the understanding of this complex disease and the search for novel therapies would be facilitated [Maher et al. 2007 ]. It is not inconceivable that the progress of new bench and bedside studies will further accelerate the process of understanding the disease and of developing new treatments.
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